Objective: Body mass index (BMI) is used as a basic parameter in assessing obesity. However, BMI is not sensitive in the assessment of body fat percentage (BFP) and body fat distribution (BFD). The aim of this study is to determine the effect of BFP and BFD on the pulmonary functions and compare this effect with BMI.
INTRODUCTION
According to the World Health Organization (WHO), obesity is defined as "abnormal or excessive fat storage that can be risky for health". Obesity is a major public health problem with an increasing prevalence as a result of changing eating habits and sedentary lifestyle all over the world (1) . Obesity has high mortality and morbidity rates due to its negative effects on all the system of the human body, including the respiratory system (2) .WHO defines body mass index (BMI) as the basic parameter in assessing obesity (3) . However, BMI is not sensitive in the assessment of body fat percentage (BFP) and body fat distribution (BFD) and it does not give a clear answer about whether the rise in body mass is due to adiposity or muscle mass increase (4) . Therefore, determination of BFP by bio-impedance method and BFD by anthropometric measurements can better assess functional impairment (5).
In the majority of studies investigating the effects of obesity on the pulmonary functions, classification was performed with BMI. In a few studies conducted with anthropometric assessment and BFD, a negative correlation was found between pulmonary functions and visceral adiposity. In addition, the values of forced expiratory volume (FEV 1 ) and forced vital capacity (FVC) have shown to be reduced in proportion with lipoidosis (6) .
The aim of this study was to determine the effect of BFP and BFD on the pulmonary functions of individuals who donot have any disorders that disrupt their pulmonary functions and to compare this effect with BMI.
METHODS
This study was conducted with volunteers from Sakarya University Faculty of Medicine by receiving their informed consent. Detailed history was taken from all participants, and those with any known history of exposure to occupational or environmental factors that can affect the respiratory system were not included in the study. After detailed physical examination performed by pulmonology and cardiology specialists, some of the participants that were determined to have concomitant diseases affecting the respiratory system were excluded from the study. The remaining 170 healthy individuals were included in the study.
Individuals with BMI 18.5-24.9 were considered as normal, whereas those with BMI 25-29.9 were overweight and those with BMI≥30 were considered as obese. BFP was determined by the bioelectrical impedance method (TBF-300® device; Tanita, Illinois, USA). Body fat mass (BFM) and BFP was calculated. Groups were classified using 95% percentile value of the normal value (BFM, %, ideal=man <28.8 and woman <33.4; high=man ≥28.8 and woman ≥33.4; BFM, kg, ideal=man <24.5 kg and woman <23.5, high=man ≥24.5 and woman ≥23.5) (7). In the anthropometric measurements of the study group, the hip circumference was measured by taking the largest diameter on trochanter major and mid-waist circumference (cm) between the lowest ribs and the iliac crest. The waist-to-hip ratio (WHR) was obtained by dividing the waist circumference to the hip circumference (8) .
Pulmonary function tests (PFTs) were performed in accordance with the American Thoracic Society (ATS) criteria using a pulmonary function analyzer (ZAN Meβgreräte GmbH, Oberthulba, Germany) (9) . Individuals were informed before the measurements. Test was performed in a comfortable sitting position followed by 15 min of resting. A mouthpiece was placed between the teeth and lips. Then, a strong expiration was performed by the patient followed by a deep inspiration after breathing 3 times in a relaxed way. The test was repeated 3 times to get the best values. FVC, FEV 1 , FEV 1 /FVC, forced expiratory flow between 25% and 75% of FVC (FEF25-75), FVC % (expected), FEV 1 % (expected), FEV 1 /FVC% (expected), and FEF25-75% (expected) were also measured.
Ethics committee approval was received for this study from the ethics committee of Sakarya University Medical Faculty.
Statistical Analysis
Kolmogorov-Smirnov test was used to evaluate whether the distribution of variables were normal. Accordingly, it was observed that all variables displayed a normal distribution. Two independent sample t-test were used to compare the results of PFTs between the two groups. One-way analysis of variance (ANOVA) was used for the comparison of parametric data among three BMI groups. Because there was a significant difference for age and gender of patient among/between groups and age-or/and gender-adjusted parameters of PFTs, comparisons were evaluated by an analysis of covariance (ANCOVA) and Hotelling T2 test. For post-hoc multiple comparison of ANCOVA, bonferroni test was used. Relationships between variables were examined using Pearson's correlation coefficients (partial correlation coefficients were calculated for age-adjusted correlations between 
RESULTS
A total of 170 patients including 93 males (mean age: 41.97±10 years) and 77 females (mean age: 38.06±10 years) participated in the study. The general characteristics of the patients are given in Table 1 .
When patients were divided into three main groups based on BMI values, there was statistically significant difference among normal, overweight, and obese groups in terms of age (p<0.001) and gender (p<0.001). There was no statistically significant difference among groups in terms of smoking status (p=0.939). There was no statistically difference between groups in terms of pulmonary function parameters according to both unadjusted and age-and gender-adjusted tests (Table 2) .
When patients were divided into two groups based on BFM, there was statistically significant difference between ideal and high BFM groups in terms of age (p=0.003). There was no statistically significant difference between groups in terms of gender (p=0.256). There was statistically difference between groups in terms of FEV 1 and FVC (p=0.011 and p=0.011 respectively) according to unadjusted tests, but there was no statistically difference was found between groups in terms of FEV 1 and FVC and other pulmonary function tests according to unadjusted and age-and gender-adjusted tests (Table 3) .
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Eurasian (Table 4 ).
In the anthropometric assessment of the patients, in the male patients, the FEV 1 % value was negatively correlated with the waist circumference (r=−0.213, p=0.040). In female patients, the WHR was positively correlated with FEV 1 /FVC (r=0.488, p<0.001), FEV 1 /FVC% (r=0.368, p=0.001), whereas it was negatively correlated with FEV 1 % (r=−0.240, p=0.035) values.
DISCUSSION
Pulmonary function test sare widely used in the evaluation of respiratory status of the individuals and in the monitoring treatment of patients with lung diseases. In addition, it has become a routine part of general health examinations and public health screening. PFT results are interpreted according to the ATS guidelines proposed in the normal range of reference values. Since body weight has a slight contribution to the pulmonary function parameter, the reference values of FEV 1 and FVC are determined by age and height of the patients (10). Lungs, chest wall, and respiratory muscles play a common role in the determination of pulmonary functions. Therefore, even though lungs are completely normal, changes in pulmonary function can be expected due to the effect of obesity on the chest wall and diaphragm. It has been reported that obesity is associated with decreased chest wall compliance, reduced lung volume, impaired airway function, breast skeletal muscle dysfunction, and arterial hypoxemia (11) .
In this case, BFP and BFD may be a better indicator in the evaluation of pulmonary functions of obese individuals, whose prevalenaceis increasing around the globe, compared to the evaluations performed based on BMI, which is determined by only weight and height. In our study, although no relationship was found between BMI increase and pulmonary functions, significant correlation was found between pulmonary functions and BFP. In male patients, there was correlation between pulmonary functions and waist circumference, whereas there was also correlation between WHR and pulmonary functions of female patients.
In the studies conducted in obese people, it has been suggested that the decrease in the chest wall compliance may be caused by adipose tissue around the abdomen (12) . The effects of obesity was determined as reduction in functional residual capacity and expiratory reserve volume and increase in residual volume (13) .
In most studies, no relationship was found among FEV 1 , FVC, FEV 1 / FVC ratio, and FEF25-75% values, which are the basic parameters of obstructive and restrictive lung disease, and BMI (14) (15) (16) (17) . In our study, no relationship was found between BMI and these parameters. This can be explained by the fact that BMI is not able to show body adiposity and intrathoracic-subpleural fat.
In a few studies, the amount and distribution of body fat has been reported to be associated with pulmonary functions. Especially in severely obese people, a negative correlation was found between BFMand lung functions, whereas FFM positively correlated with pulmonary functions (18, 19) . In adults, a negative correlation was observed between upper body lipoidosis and respiratory functions (20) . In addition, in the PFT comparisons performed based on BFD type, the values of FVC, FEV 1 , and total lung capasity was found to be significantly lower in the patients with a higher WHR (15) . In our study, a significant correlation was found between these parameters and BFP and other anthropometric parameters. This significance can be explained by the fact that the fat mass, which increases the load on chest wall, stored in the abdominal cavity probably prevents the descent of the diaphragm and causes restrictive-type respiratory disorders.
In the study by Lorenzo et al. (19) , it has been reported that there was an improvement in airway limitation with a reduction in total body fat after following a diet and the largest improvement was seen in the FEF25-75% value. In our study, the FEF25-75% value was found to be correlated with BFP. This case can be explained by fact that the smaller airways are more affected than the large airways by the visceral adiposity.
The strength of our study is the detailed examination of all the patients and exclusion of those with comorbid diseases. In addition, to the best of our knowledge, this is the first study in Turkey using the bio-impedance method.
The limitation of our study is conducting it with a relatively small number of patients in a single center. We believe that it would be more effective to perform the research with a large number of patients in which simple anthropometric parameters will be measured to determine the reference values of PFTs for obese people.
CONCLUSION
Beause it has been concluded that the widely used BMI in the obesity classification can not distinguish BFD, it is insufficient for evaluating the pulmonary functions; therefore, determining the body composition is important in the evaluation of obese individuals.
Ethics Committee Approval: Ethics committee approval was received for this study from the ethics committee of Sakarya University Medical Faculty.
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